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Updates on the Treatment of Essential Hypertension: A 
Summary of AHRQ’s Comparative Effectiveness Review of 
Angiotensin-Converting Enzyme Inhibitors, Angiotensin II 

Receptor Blockers, and Direct Renin Inhibitors

Benjamin Powers, MD, MHS; Laurence Greene, PhD; and Lisa M. Balfe, MPH

ABSTRACT

BACKGROUND: In 2007, the Agency for Healthcare Research and Quality 
(AHRQ) published a comparative effectiveness review (CER) on the ben-
efits and risks of angiotensin-converting enzyme inhibitors (ACEIs) and 
angiotensin II receptor blockers (ARBs) for treating essential hypertension 
in adults. The main findings indicated that the 2 classes of antihyperten-
sive medications caused similar reductions in blood pressure, although 
higher rates of adverse events, especially cough, were reported by patients 
treated with ACEIs. In addition, the 2007 review indicated no treatment-
related differences in lipid levels, glycemic control, or progression of kidney 
disease among the agents. Since 2007, 39 relevant studies have been pub-
lished that compare outcomes for adults treated with ACEIs versus ARBs 
or a drug in one of these 2 classes versus a direct renin inhibitor (DRI). 
To systematically analyze findings from the new research, AHRQ commis-
sioned and, in June 2011, published an updated comparative effectiveness 
review on the benefits and risks of agents that target the renin-angioten-
sin-aldosterone system (RAAS), specifically ACEIs, ARBs, and DRIs. 

OBJECTIVES: To (a) familiarize health care professionals with the methods 
and findings from AHRQ’s 2011 comparative effectiveness review on ACEIs, 
ARBs, and DRIs for adults with essential hypertension; (b) provide com-
mentary and encourage consideration of the clinical and managed care 
applications of the review findings; and (c) identify limitations to the exist-
ing research on the benefits and risks of ACEIs, ARBs, and DRIs.

SUMMARY: Consistent with the findings from AHRQ’s 2007 report, the 
2011 update indicated no overall differences in blood pressure control, 
mortality rates, and major cardiovascular events in patients treated with 
ACEIs versus ARBs. With a low strength of evidence, 2 studies reported a 
small significantly greater blood pressure reduction for patients treated 
with the DRI aliskiren versus the ACEI ramipril. Studies evaluating the DRI 
aliskiren versus ACEIs and ARBs on mortality and morbidity outcomes 
were relatively short, and few deaths or cardiovascular events occurred, 
resulting in insufficient evidence to discern differences. A random-effects 
meta-analysis of 23 RCTs comparing ACEIs and ARBs found no significant 
difference in the proportion of patients who achieved successful blood 
pressure control on a single antihypertensive agent. Compared with ARBs 
and the DRI aliskiren, ACEIs were consistently associated with higher rates 
of cough. Withdrawals due to adverse events were modestly more frequent 
for patients receiving ACEI rather than ARBs or DRIs; this is consistent with 
the differential rates of cough. There was no evidence of differential effects 
of ACEIs, ARBs, or DRIs on the outcomes of lipids, renal outcomes, carbo-
hydrate metabolism or diabetes, or left ventricular mass; however, there 
was not a high strength of evidence for any of these outcomes. Regarding 
the question of whether ACEIs, ARBs, or DRIs are associated with better 
outcomes in specific patient subgroups, the evidence was insufficient to 
reach firm conclusions.

J Manag Care Pharm. 2011;17(8):S1-S14
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Hypertension affects approximately 65 million individu-
als in the United States and is the primary attributable 
risk factor for mortality.1,2 Given its damaging effects 

to the heart, arteries, brain, eyes, and kidneys, hypertension 
is also a major cause of morbidity. Prevalent hypertension is 
defined as systolic blood pressure of at least 140 mm Hg and 
diastolic blood pressure of at least 90 mm Hg.3-5 According 
to the Seventh Report of the Joint National Committee (JNC) 
on Prevention, Detection, Evaluation, and Treatment of High 
Blood Pressure, readings below these levels indicate hyperten-
sion control.5

Despite the widespread impact of hypertension and its 
negative outcomes, blood pressure control remains subopti-
mal. Approximately 25% of adults who have hypertension are 
unaware of their condition, and more than 40% of patients 
receiving treatment do not achieve the modest goal of < 140 
mm Hg/90 mm Hg.1,6 The main classes of antihypertensive 
medications are thiazide-type diuretics, calcium channel block-
ers, beta blockers, angiotensin-converting enzyme inhibitors 
(ACEIs), and angiotensin II receptor blockers (ARBs). Agents 
in the latter 2 classes target the renin-angiotensin-aldosterone-
system (RAAS), which plays a significant role in regulating 
blood volume, arterial pressure, and cardiac and vascular 
function. ACEIs and ARBs are the second and fifth most com-
monly prescribed treatments for hypertension.7 RAAS-targeted 
therapies also include direct renin inhibitors (DRIs).8 

The 3 categories of agents within the RAAS inhibitor class 
are intended ultimately to inhibit the hypertensive effects of 
angiotensin II, which acts directly on the resistance vessels to 
increase systemic vascular resistance and arterial pressure. In 
addition, angiotensin II increases blood pressure by stimulat-
ing the adrenal cortex to release aldosterone, which causes 
sodium and water reabsorption as well as potassium excre-
tion, and by promoting the secretion of antidiuretic hormone, 
which also leads to fluid retention. DRIs block the conversion 
of angiotensinogen to angiotensin I; ACEIs block the conver-
sion of angiotensin I to angiotensin II; and ARBs selectively 
inhibit angiotensin II from activating the angiotensin specific 
receptor (AT1). 

Whereas the 3 classes RAAS therapies all inhibit the effects 
of angiotensin II, differences in their pharmacologic effects 
may underlie variations in their efficacy and risks. For exam-
ple, because angiotensin II can be formed through enzymes 
that are not affected by ACEIs, agents in this class do not block 

http://jama.ama-assn.org/content/303/20/2043.full.pdf+html
www.who.int/whr/2002
http://hyper.ahajournals.org/content/42/6/1206.full.pdf+html
http://hyper.ahajournals.org/content/42/6/1206.full.pdf+html
http://jama.ama-assn.org/content/303/20/2043.full.pdf+html
www.cdc.gov/nchs/data/nhsr/nhsr035.pdf
http://hyper.ahajournals.org/content/51/5/1275.full.pdf+html
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do ACEIs, ARBs, and direct renin inhibitors differ in 
safety, adverse events, tolerability, persistence with drug  
therapy, and treatment adherence?

3.	Are there subgroups of patients—based on demographic 
and other characteristics (i.e., age, race, ethnicity, sex, 
comorbidities, concurrent use of other medications)—for 
whom ACEIs, ARBs, or direct renin inhibitors are more 
effective, are associated with fewer adverse events, or are 
better tolerated?

Focusing on ACEIs and ARBs only, these questions were 
originally developed for the 2007 AHRQ review with input 
from technical experts and the Scientific Resource Center 
(SRC) for the AHRQ Effective Health Care Program. The ques-
tions were posted to a public website, soliciting commentary 
and suggestions for revision. After reviewing the public com-
mentary, the SRC drafted final key questions and submitted 
them to AHRQ for approval. For the 2011 review, in response 
to input from the project’s technical expert panel, the original 
key questions were modified to include the comparative risks 
and benefits of DRIs. The modified questions were then posted 
to a public website for comment and were subsequently revised 
and approved.

■■  Systematic Review Methods
This section summarizes the methods by which the updated 
comparative review effectiveness review was conducted. 
Complete details about the methods are provided in the full 
technical report.13 

Literature Search and Study Selection
The EPC investigators identified studies targeting the RAAS 
through searches of comprehensive databases of biomedical 
literature, including MEDLINE, EMBASE, and a register of sys-
tematic reviews in the Cochrane Hypertension Review Group. 
These database searches—which included systematic reviews, 
randomized controlled trials, and nonrandomized comparative 
studies—covered periods from database inception through 
December 2010. In addition, the EPC investigators searched 
for literature through reference lists of relevant review articles, 
regulatory agencies (e.g., U.S. Food and Drug Administration 
[FDA], Health Canada, and Authorized Medicines for EU), 
clinical trial registries, and conference publications. Abstracts 
were screened to select only relevant studies that made direct 
head-to-head comparisons of ACEIs versus ARBs, ACEIs versus 
DRIs, or ARBs versus DRIs. Studies in which protocols permit-
ted adding antihypertensive therapies (if blood pressure targets 
were not reached) were also included if the additions were the 
same across treatment groups. Moreover, the literature review 
and selection were restricted to studies that: 

1.	 Included adults aged 18 years or older who had essential 

angiotensin II production completely. Unlike ARBs and DRIs, 
ACEIs are associated with cough. However, ACEIs have the 
unique advantage of increasing levels of bradykinin, which can 
reduce blood pressure through its vasodilatory effects. ACEIs 
and ARBs cause compensatory increases in plasma renin activ-
ity, which does not occur with DRIs.8 Despite the fact that 
RAAS-targeted therapies effectively lower blood pressure,9,10 

these and other differences in their mechanisms of action and 
effects underscore the need for research on their comparative 
benefits and risks.

In 2007, the Agency for Healthcare Research and Quality 
(AHRQ) published a comparative effectiveness review (CER) 
on the benefits and risks of ACEIs and ARBs for treating essen-
tial hypertension in adults.11 The main findings indicated that 
the 2 classes of antihypertensive medications caused similar 
reductions in blood pressure, although higher rates of adverse 
events were reported by patients treated with ACEIs. In addi-
tion, the 2007 review indicated no treatment-related differ-
ences in lipid levels, glycemic control, or progression of kidney 
disease. In 2009, an analysis conducted by the Southern 
California Evidence-Based Practice Center indicated the need 
for an updated comparative effectiveness review of research on 
RAAS therapies.12 The update was deemed necessary due to 
the publication of a significant number of new studies compar-
ing ACEIs versus ARBs, as well as the introduction of a DRI 
(aliskiren) to the market. Based on this needs assessment, 
AHRQ commissioned and, in June 2011, published an update 
on the comparative effectiveness of ACEIs, ARBs, and DRIs. 
The systemic literature review and meta-analyses were con-
ducted by investigators at the Duke Evidence-Based Practice 
Center (EPC) in Durham, North Carolina. A full technical 
report of the review is available on AHRQ’s Effective Health 
Care Program website.13

This article summarizes the key methods and findings of 
the 2011 updated comparative effectiveness review on ACEIs, 
ARBs, and DRIs. This summary is intended to provide evidence 
to guide clinicians, health care payers, and policy makers in 
reaching decisions about appropriate therapeutic regimens for 
patients with essential hypertension. In addition, readers are 
encouraged to reflect on the potential clinical and managed 
care applications of the review findings. 

■■  Key Questions 
For the 2011 update, the Duke EPC investigators sought to 
answer the following key clinical questions:

1.	For adult patients (aged 18 years and older) with essen-
tial hypertension, how do ACEIs, ARBs, and direct renin 
inhibitors differ in blood pressure control, cardiovascular 
risk reduction, cardiovascular events, quality of life, and 
other outcomes?

2.	For adult patients with essential hypertension, how 
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http://www.effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?pageaction=displayproduct&productID=696
http://derp.ohsu.edu/about/final-document-display.cfm#tab-2
http://derp.ohsu.edu/about/final-document-display.cfm#tab-2
http://www.effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?productid=48&pageaction=displayproduct
http://www.effectivehealthcare.ahrq.gov/ehc/products/125/331/2009_0923UpdatingReports.pdf
http://www.effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?pageaction=displayproduct&productID=696
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sive drug in a different class (e.g., enalapril plus hydrochloro-
thiazide) versus an ARB plus the same drug (e.g., losartan plus 
hydrochlorothiazide). 

For key question 1, analyses were based on the following 
primary outcomes:

•	 Blood pressure, assessed preferably with seated trough 
measures

•	 All-cause, cardiovascular-specific, or cerebrovascular-
specific mortality

•	 Morbidity, especially myocardial infarction and stroke
•	 Rate of use of a single antihypertensive medication in 

successful blood pressure control
•	 Quality of life, as assessed through various standard 

instruments

Secondary outcomes for key question 1 were:
•	 Lipid levels (high-density lipoprotein [HDL], low-density 

lipoprotein [LDL], total cholesterol, and triglycerides)
•	 Rates of progression to type 2 diabetes
•	 Markers of carbohydrate metabolism and diabetes control 

(hemoglobin A1c, dosage of insulin or other diabetes 
medication, fasting plasma glucose, or aggregated mea-
sures of glucose)

•	 Measures of left ventricular mass/function (left ventricu-
lar mass index and ejection fraction).

•	 Measures of kidney disease (creatinine/glomerular filtra-
tion rate, proteinuria)

For key question 2, primary analyses were based on with-
drawals due to the following: adverse events; the specific 
adverse events of dizziness, headaches, angioedema and cough; 
and treatment persistence or adherence.

hypertension 
2.	Included at least 24 patients 
3.	Followed patients for at least 12 weeks
4.	Reported at least 1 prespecified outcome of interest

From an original search yielding 2,090 citations, 1,083 were 
excluded at the abstract screening stage. From the remain-
ing 1,007 studies, 110 articles that reported direct treatment 
comparisons (based on 100 separate studies) met the inclu-
sion criteria and were abstracted into evidence tables. The 
100 studies included 74 randomized controlled trials (RCTs), 
4 nonrandomized controlled trials, 16 retrospective cohort 
studies, 3 prospective cohort studies, 1 cross-sectional cohort 
study, 1 case-control study, and 1 retrospective chart review. 
Study follow-up time ranged from 12 weeks to approximately 
70 months; however, 61% of the studies included in the review 
lasted 26 weeks or less. The EPC investigators identified 36 
new studies (published since the 2007 review) that compared 
ACEIs versus ARBs. Three new studies that met inclusion cri-
teria compared an ACEI or ARB to a DRI. 

Treatment Comparisons and Outcomes of Interest
Table 1 shows the ACEIs and ARBs that were directly compared 
in the studies that met inclusion criteria and were selected 
for the AHRQ review. All 3 DRI studies compared an ACEI 
(ramipril) or ARB (losartan) with the DRI aliskiren. In addi-
tion to comparisons of a single ACEI versus a single ARB or 
DRI, the EPC investigators included grouped comparisons. For 
example, studies were included that compared (a) a specific 
ARB versus unspecified ACEIs, (b) unspecified ARBs versus 
unspecified ACEIs, and (c) an ACEI plus another antihyperten-

Updates on the Treatment of Essential Hypertension: A Summary of AHRQ’s Comparative Effectiveness Review  
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E
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TABLE 1 Number of Studies (Number of Publications) Comparing ACEIs, ARBs, and DRIsa

ARBs DRI

Totals
Unspecified 

“ARBs”
Candesartan 

cilexetil Eprosartan Irbesartan Losartan
Olmesartan 
medoxomil Telmisartan Valsartan Aliskiren

Unspecified 
“ACEIs”

21 (24) 0 0 2 (2) 1 (1) 0 0 0 0 24 (27)

Benazepril 0 0 0 0 0 0 0 1 (1) 0 1 (1)
Captopril 0 0 0 0 2 (2) 0 0 0 0 2 (2)
Enalapril 0 4 (4) 2 (6) 4 (4) 14 (15) 0 5 (5) 2 (2) 0 31 (36)
Fosinopril 0 0 0 2 (2) 1 (1) 0 0 0 0 3 (3)
Lisinopril 0 6 (6) 0 0 1 (1) 0 3 (3) 5 (5) 0 15 (15)
Perindopril 0 1 (1) 0 0 3 (3) 0 3 (3) 0 0 7 (7)
Quinapril 0 0 0 2 (2) 3 (3) 0 0 0 0 5 (5)
Ramipril 0 0 0 0 2 (2) 1 (1) 5 (5) 3 (3) 2 (3) 13 (14)
Trandolapril 0 0 0 0 1 (1) 0 0 0 0 1 (1)

DRI Aliskiren 0 0 0 0 1 (1) 0 0 0 — 1 (1)
Totals 21 (24) 11 (11) 2 (6) 10 (10) 29 (30) 0 16 (16) 11 (11) 2 (3) —

aSource: Table 4 in Sanders, GD, et al. AHRQ comparative effectiveness report number 34 ( June 13, 2011);13 there were no studies or publications for moexipril. Totals 
exceed 100 studies (110 publications) because some trials reported more than 1 ACEI versus ARB treatment comparison.
ACEI = angiotensin-converting enzyme inhibitor; AHRQ = Agency for Healthcare Research and Quality; ARB = angiotensin receptor blocker; DRI = direct renin inhibitor. 

http://www.effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?pageaction=displayproduct&productID=696
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■■  Comparative Benefits of RAAS Therapies
This section presents the findings that address key question 1, 
which focuses on the comparative benefits of ACEIs, ARBs, and 
DRIs. A general overview of the findings is provided in Table 2.

Blood Pressure Control
The EPC investigators concluded that ACEIs and ARBs have 
similar overall effects on blood pressure reduction in patients 
with essential hypertension. This conclusion was based on 77 
studies (n = 26,170 participants) that met inclusion criteria: 70 
of these studies were RCTs; 5 were nonrandomized controlled 
trials; 1 was a retrospective cohort study; and 1 was a case-con-
trol study. The ages of study participants ranged from means of 
33 to 73 years (median age 55.4 years). The duration of patient 
follow-up ranged from 12 weeks to 5 years (median 24 weeks). 
Across the studies, initial values for mean systolic blood pres-
sure (SBP) and diastolic blood pressure (DBP) ranged from 127 
to 199 mm Hg and 67 to 119 mm Hg, respectively (mean initial 
blood pressure 156/97 mm Hg).

Of the 77 studies comparing ACEIs versus ARBs for blood 
pressure reduction, 57 (74%) reported no significant difference 
between treatment classes,16-77 2 reported a significant advan-
tage for ACEIs,78-80 and 11 reported a significant advantage for 
ARBs (note: in some cases, results from a given study were 
reported in more than 1 article).81-91 The strength of evidence 
derived from these studies was graded high. The EPC investiga-
tors did not identify any specific agent within its class that was 
associated with greater or lesser reduction in blood pressure. 
Due to substantial heterogeneity in study methods, the investi-
gators did not conduct meta-analyses for this outcome. A note-
worthy factor limiting the AHRQ review of treatment-related 
differences in blood pressure control is that the protocols for 
dose escalation and adding antihypertensive agents differed 
considerably across studies. 

Three RCTs were identified that compared aliskiren to either 
an ACEI or an ARB.92-95 Two of the studies (n = 842 and n = 901) 
compared ramipril with aliskiren.92-95 The third study (n = 465) 
compared losartan with aliskiren.94 Compared with the ACEI 
ramipril, aliskiren reduced blood pressure to a greater extent, 
with the absolute differences in systolic/diastolic reduction 
of –2.7/–1.6 mm Hg (P = 0.006)92,95 and –2.3/–1.5 mm Hg 
(P = 0.02).93 The study comparing aliskiren with the ARB losar-
tan found no significant difference in blood pressure reduction 
(1.0/0.1 mm Hg, P = 0.81).94 In spite of the reported differences 
in blood pressure reduction, these comparisons are based on 
limited data and should be interpreted with caution due to the 
overall low strength of evidence comparing DRIs with ACEIs 
or ARBs.

Mortality, Major Cardiovascular Events, and Quality of Life
Addressing mortality and major cardiovascular events, the EPC 
investigators identified 21 studies that reported outcomes of 

Evaluations of Study Quality and Strength of Evidence
For each set of analyses focused on a given outcome, the 
investigators assessed the strength of study evidence using 
criteria designated in AHRQ’s Methods Guide for Effectiveness 
and Comparative Effectiveness Reviews.14 These criteria are based 
on guidelines of the GRADE (Grading of Recommendations 
Assessment, Development, and Evaluation) working group.15 

The strength of evidence was assessed by the number, size, 
design, and quality of the studies included in a given analysis. 
In addition, the investigators considered risk of bias, direct-
ness, precision, consistency across studies of the same and 
different designs, magnitude of effect, applicability, and the 
potential for publication bias. The evidence was graded as 
high, moderate, low, or insufficient. The first three of these grades 
indicate the investigators’ confidence in the extent to which the 
evidence reflects true, or systematic, treatment effects. A grade 
of insufficient indicates that evidence either does not exist or 
does not permit estimation of effects.

Updates on the Treatment of Essential Hypertension: A Summary of AHRQ’s Comparative Effectiveness Review  
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TABLE 2 Overview of Key Findings  
and Strength of Evidencea 

ACEIs Versus 
ARBs

DRI Versus 
ACEIs

DRI Versus 
ARBs

Key Question 1: Comparative Benefits

Blood pressure control ND •• Favors DRI • ND •
Mortality and major 
cardiovascular events

ND • IE IE

Quality of life ND • NE NE
Rate of use of a single 
antihypertensive agent

ND •• NE NE

Risk factor reduction 
(lipid levels, markers 
of carbohydrate 
metabolism, diabetes 
control)

ND •• NE NE

Key Question 2: Comparative Risks 

Cough Favors ARBs ••• IE NE
Withdrawal due to  
adverse events

Favors ARBs ••• ND • NE

Angioedema IE IE IE
Therapy adherence ND •• IE IE
Therapy persistenceb Favors ARBs •• NE NE

Symbol legend: • = low strength of evidence, •• = moderate strength of evidence, 
••• = high strength of evidence.
aSanders, GD, et al. AHRQ comparative effectiveness report number 34 ( June 
2011): http://www.effectivehealthcare.ahrq.gov/ehc/products/164/696/CER-34-
ACEIs-ARBs_Final-Report_20110613.pdf.13

bTable A in the full AHRQ report number 34 includes the conclusion that “rates 
of continuation with therapy appear to be somewhat better with ARBs than with 
ACEIs; however, due to variability in definitions, limitations inherent in longitudi-
nal cohort studies, and relatively small sample sizes for ARBs, the precise magni-
tude of this effect is difficult to quantify.”13

ACEI = angiotensin-converting enzyme inhibitor; AHRQ = Agency for Healthcare 
Research and Quality; ARB = angiotensin receptor blocker; DRI = direct renin 
inhibitor; IE = insufficient evidence; ND = no difference; NE = not evaluated (due to 
insufficient or lack of evidence). 

http://circ.ahajournals.org/content/119/4/530.full.pdf+html
http://circ.ahajournals.org/content/119/4/530.full.pdf+html
http://www.effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?pageaction=displayproduct&productid=603
http://www.gradeworkinggroup.org/
http://www.effectivehealthcare.ahrq.gov/ehc/products/164/696/CER-34-ACEIs-ARBs_Final-Report_20110613.pdf
http://www.effectivehealthcare.ahrq.gov/ehc/products/164/696/CER-34-ACEIs-ARBs_Final-Report_20110613.pdf
http://www.effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?pageaction=displayproduct&productID=696
http://www.effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?pageaction=displayproduct&productID=696
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(OR = 1.258, 95% CI = 0.984-1.610, P = 0.067). While the mag-
nitude of relative increase in successful monotherapy with 
ARBs represents a clinically important difference, this result 
should be interpreted with caution. The lack of concordance 
between pooled results in RCTs and observational studies 
suggests selection bias and residual confounding as potential 
explanations for this observed difference, rather than the 
inherent efficacy of the medication. 

Lipid Levels and Markers of Carbohydrate  
Metabolism/Diabetes Control
Twenty studies reporting changes in serum lipid levels among 
patients treated with ACEIs versus ARBs were included in the 
AHRQ review; no study evaluated this outcome in comparisons 
involving a DRI. Study periods ranged from 3 to 24 months, 
which the reviewers deemed a sufficient time length to detect 
measurable treatment-related changes in lipid profiles. In 12 of 
the studies, there were no significant within-group changes in 
triglycerides or in total, LDL, or HDL cholesterol. In the studies 
that reported significant treatment-group differences in lipid 
changes, no consistent pattern was evident to inform a reliable 
conclusion for guiding treatment decisions.

Twenty-three studies in the review evaluated changes in 
blood glucose levels or A1c among patients treated with ACEIs 
versus ARBs. Conclusions are limited because none of the stud-
ies sufficiently controlled for patients’ variations in diabetes 
medications. There were no differences in achieved glucose 
and A1c levels between the ACEI and ARB groups. As in the 
analysis for lipid changes, no consistent pattern was evident 
for studies reporting significant treatment-group differences 
in markers of carbohydrate metabolism and diabetes control. 

Left Ventricular Mass/Function 
The ARHQ review indicated that therapies targeting RAAS 
generally have beneficial effects on some measures of left 
ventricular mass and function; however, for the most part, 
the effects do not differ across treatments in the RAAS class. 
Measures of left ventricular (LV) mass and/or function were 
reported in 13 studies that met inclusion criteria. Outcomes 
were assessed either by LV mass index (LVMI), LV ejection frac-
tion (LVEF), both of the previous 2 measures, or LV posterior 
wall thickness. Most of the studies evaluating LVMI reported 
significant benefits of ACEIs, ARBs, and aliskiren (i.e., reduc-
tion in LVMI).21,23,55,60-61,64,68-69,75,77,94,99,107 However, with the 
exception of 1 study,55 no differences in LVMI between treat-
ment groups were observed. In the exception, a 6-month RCT 
comparing losartan with enalapril, LVMI reduction was sig-
nificantly greater in the ARB (24.7%) versus ACEI (11.2%) arm 
(P = 0.026).55 For LVEF, no studies reported significant changes 
among patients treated with ACEIs or ARBs. In 1 study that 
evaluated changes in LV posterior wall thickness, irbesartan 
and quinapril were both associated with significantly reduced 

patient deaths, myocardial infarction (MI), or stroke. Ranging 
in duration from 12 weeks to 5 years, the studies included 
38,589 participants who received an ACEI, an ARB, or a DRI. 
Most of the studies excluded patients with significant cardio-
vascular disease and did not follow patients long enough to 
adequately assess mortality and cardiovascular morbidity out-
comes. In the 3 studies on aliskiren, only 1 death occurred.92-95 
In the studies comparing ACEIs with ARBs, only 38 deaths and 
13 strokes were reported. Thus, due to the relatively healthy 
patient population and short follow-up in these studies, no firm 
conclusions about the comparative effects of RAAS therapies on 
mortality and major cardiovascular events can be reached. As 
summarized in the full technical report of the AHRQ review, a 
study conducted by Barnett et al. (2004) evaluated cardiovas-
cular outcomes in 250 patients with type 2 diabetes treated 
with enalapril 20 mg daily or telmisartan 80 mg daily over a 
5-year period.96 The higher-risk sample in this study included 
individuals with comorbidities including type 2 diabetes and 
early nephropathy. Among patients treated with enalapril ver-
sus telmisartan, respectively, there were similar numbers of 
deaths (6 in each group), strokes (6 in each group), and nonfatal 
MIs (6 in the enalapril group and 9 in the telmisartan group). 

Four RCTs (n = 1,182) were identified that compared ACEIs 
to ARBs for effects on quality of life; no study evaluated this 
outcome for comparisons involving a DRI. In all of the studies 
comparing ACEIs and ARBs, no significant effects on quality of 
life were reported.87,97-103

Rate of Use of a Single Antihypertensive Agent
The EPC investigators identified 23 RCTs in which rates 
of successful ACEI and ARB monotherapy were evaluated. 
Definitions of “successful” outcomes varied across the studies, 
which generally used specified cutoff values for blood pres-
sure or instances of patients who remained on a single ACEI 
or a single ARB throughout a study. Rates of use of a single 
antihypertensive agent ranged from 6% to 93% (median 55%). 
Using the individual study data, the EPC investigators calcu-
lated odds ratios (OR) expressed as the proportion of patients 
with successful blood pressure control on a single ARB versus 
a single ACEI. Based on a random-effects model, meta-analysis 
of the 23 RCTs, treatment with an ARB was associated with a 
nonsignificant OR of 1.08 (95% confidence interval [CI] = 0.94-
1.25, P = 0.28) for successful monotherapy. The strength of 
study evidence was rated high.18-20,23-24,36-40,44,47,51-52,56-57,62-63,65,75,77-

78,82,84,104-106 
The rate of successful blood pressure control on a single 

medication is generally influenced by its efficacy as well as 
its tolerability and adherence. Because these outcomes may 
vary across studies with different designs, the EPC investiga-
tors conducted separate meta-analyses for the 3 observational 
studies.75,104,106 This meta-analysis indicated a nonsignificant 
trend favoring ARBs for successful blood pressure control 
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adverse event. The EPC investigators based their main com-
parative analyses on withdrawals due to adverse events and 
risks of angioedema, dizziness, headaches, and cough. In 
addition, key question 2 included the outcomes of treatment 
adherence and persistence. An overall summary of the find-
ings is presented in Table 2.

Withdrawals Due to Adverse Events
The AHRQ review included 41 studies comparing withdrawal 
rates due to adverse events among patients treated with ACEIs, 
ARBs, or aliskiren. In 36 studies, withdrawal rates were lower 
in the ARB arms (mean 3%) than the ACEI arms (mean 5%). A 
random-effects meta-analysis of 36 RCTs yielded an estimated 
OR of 0.56 (95% CI = 0.45-0.70, P < 0.001), indicating the odds 
of withdrawal due to adverse events was 44% lower among 
patients treated with ARBs versus ACEIs.17-19,21-23,26,28-31,38-39,42-

47,56,58,60,66,70,75,77,80-83,85,86,88,90,92-94,102,107 Meta-analysis of 2 studies 
comparing aliskiren with ramipril yielded a nonsignificant 
odds ratio of 0.89 (95% CI = 0.46-1.71).92-93,95

Angioedema
Angioedema has been reported to occur more frequently in 
patients treated with ACEIs versus ARBs.108 However, only 
4 studies reporting this adverse outcome met the inclusion 
criteria for the AHRQ review.42,47,92,102 One case of angioedema 
was reported for a patient treated with aliskiren;92 4 cases were 

measures; however, no difference between the 2 therapies was 
observed.64 It is noteworthy that the majority of the studies 
evaluating changes in LV mass and systolic function were rela-
tively short, lasting between 6 to 12 months. This duration may 
not be long enough to detect treatment-related changes and 
differences in some measures of LV mass and systolic function.

Renal Function 
RAAS agents generally have beneficial effects on some mea-
sures of renal function and proteinuria.5 In 31 studies included 
in the AHRQ review, renal outcomes were measured by creati-
nine or glomerular filtration rate (GFR). An analysis of the 8 
studies reporting post-treatment serum creatinine in ACEI and 
ARB treated patients gave an estimated standardized mean dif-
ference of 0.11 (95% CI = –0.054-0.272), suggesting that mean 
post-treatment creatinine levels are slightly higher for the ARB 
studies, but the difference is not statistically significant.

Analyses of changes in urinary protein and albumin excre-
tion consistently revealed no differential effects of ACEIs versus 
ARBs. No differences in renal outcomes were observed in stud-
ies comparing aliskiren with an ACEI or an ARB.93,95

■■  Comparative Risks of RAAS Therapies
This section summarizes the main findings of the AHRQ 
review pertaining to key question 2. Forty-eight studies 
included in the review reported rates of at least 1 specific 
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When consulted about starting antihypertensive therapies in 
patients without compelling indications for specific antihyperten-
sive therapy, pharmacists may select from a variety of agents. The 
AHRQ comparative effectiveness review update in June 2011 focus-
es on 3 categories of agents that manipulate the RAAS. Despite 
the addition of 39 studies since the previous AHRQ comparative 
effectiveness review in 2007, many questions remain unanswered, 
most frequently because of a lack of long-term studies that evaluate 
outcomes that matter to patients including quality of life, adher-
ence, tolerability, adverse cardiovascular events, and mortality.

Information on blood pressure control, the surrogate outcome 
for improved cardiovascular health, is, however, available. For 
blood pressure lowering, there is sufficient evidence to confirm 
that ACEIs and ARBs have similar long-term effects and are thus 
interchangeable. The next question is to compare these agents to 
DRIs. The AHRQ review indicated, with limited evidence on DRI 
agents, that blood pressure control may be improved compared 
with ACEIs (2 studies) and similar to that seen with ARBs (1 
study). This finding may lead some clinicians to prescribe these 
agents for their perceived improved efficacy. However, this should 
not be the case because a statistically significant improvement in 
blood pressure control is not always a clinically significant one, 
as demonstrated by the small differences in  actual blood pressure 

reduction of 1.0-2.7/0.1-1.6 mm Hg for aliskiren versus ARBs and 
ACEIs. This magnitude of difference in blood pressure reduction 
would not be considered clinically significant to most clinicians 
and resembles the change that might be seen if different automated 
blood pressure devices or different clinicians measured the same 
patient’s blood pressure. 

Given the higher cost of DRIs over generic ACEIs and the 
increasing availability of generic ARBs, in addition to the minimal 
difference in efficacy and with insufficient long-term outcomes 
data, it is difficult to determine from the evidence currently avail-
able the subgroup of patients that may benefit from this pharma-
cologically intriguing drug class. The AHRQ comparative effective-
ness review concludes with several key clinical questions that need 
to be addressed in the future with all of the agents in this group. 
Answers to these critical questions may provide clinicians with 
more useful data regarding the outcomes that patients really care 
about (the “wheat” — quality of life, tolerability, and reduction in 
morbidity and mortality), as opposed to the currently available 
clinically insignificant differences in blood pressure reduction (the 
“chaff” of the RAAS class of drugs). 

Karen Gunning, PharmD, BCPS, FCCP

Clinical Commentary 1: Separating the “Wheat” from the “Chaff” in Assessing 
Clinical Outcomes in the RAAS Category of Drugs for Essential Hypertension
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cant differential effects of RAAS therapies on these outcomes. 
Treatment-related differences were most apparent for cough. 
In all 40 studies that evaluated cough in patients treated with 
ACEIs versus ARBs, rates were higher in the ACEI arms; how-
ever, the magnitude of difference was small in some of the stud-
ies.16-18,20,23,26,28-31,38-40,42-43,45-47,56,58-59,66,74,77-78,80,82-85,88-91,102,109-113 
The mean cough rates for ARBs and ACEIs were 2.2% and 
8.7%, respectively, or an absolute difference of 6.5%. A random-
effects meta-analysis of the 40 studies yielded an estimated OR 
of 0.23 (95% CI = 0.18-0.29, P < 0.001), indicating that the risk 
of cough in relative terms is 77% lower for ARB-treated patients 
versus ACEI-treated patients. 

Two studies reported the average cough rates for the ACEI 
ramipril versus the DRI aliskiren (9.5% vs. 4.1%, and 13.3% vs. 

reported for patients treated with lisinopril;42,47 and 1 case of 
“severe disabling Quincke’s angioneurotic edema” was reported 
for a patient treated with enalapril.102 In these studies, no cases 
of angioedema were reported for patients treated with cande-
sartan42 or telmisartan.47,102 Due to the insufficient evidence, 
conclusions about the comparative risks of angioedema in 
patients treated with RAAS therapies were precluded. 

Dizziness, Headaches, and Cough
As reported in 31 and 30 studies, respectively, rates of dizziness 
and headache ranged from 1% to approximately 20% among 
patients treated with ACEIs, ARBs, or DRIs. Based on similar 
mean rates of dizziness and headache across treatment groups, 
the EPC investigators concluded that there were no signifi-
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In making formulary decisions about antihypertensives targeting 
the RAAS, it is important to balance clinical effectiveness and cost. 
Effectiveness can be measured by the difference in blood pressure 
lowering, decreasing major cardiovascular (CV) events, and reduc-
ing mortality rates. Cost considerations include the availability 
of generic drugs in some classes versus only branded agents in 
others. To date, the evaluation of these characteristics has most 
commonly led to a preferred position for ACEIs on a formulary. 
The ACEI category has relatively strong evidence of benefits for 
key outcomes, delivered at the lowest cost driven by many generic 
options. The positioning for ARB therapy recognizes the possibility 
of decreased efficacy of ACEI therapy due to the so-called ACE-
escape (unblocked angiotensin II over time) and lower tolerability 
caused by cough. The current AHRQ update has considered addi-
tional evidence published since the 2007 AHRQ report on drugs 
that act on the renin system in comparing ACEIs and ARBs and 
has evaluated the relatively new category of DRIs for the treatment 
of hypertension.

Overall, the 2011 update to the 2007 AHRQ report offers little 
new evidence to assist in further evaluation of DRIs versus the 
already available ACEIs and ARBs for formulary inclusion. The key 
outcomes of blood pressure control, CV event rate, and mortality 
are often the most important factors to consider when making for-
mulary decisions. There is reasonable evidence of long-term reduc-
tions in blood pressure control for ARBs and ACEIs. However, lim-
ited evidence exists on long-term control of blood pressure for DRIs 
versus either of these 2 categories; 2 studies found small  reduc-
tions in blood pressure for aliskiren versus ACEIs, and 1 study 
found no difference in blood pressure reduction for aliskiren versus 
an ARB. However, there is an overall low strength of evidence in 
comparing DRIs with ACEIs or ARBs in blood pressure reduction.  

For endpoint outcomes, the AHRQ review is consistent with the 
findings from the large adequately powered prospective random-
ized controlled trial (ONTARGET) that compared an ACEI with an 
ARB, finding no difference in CV event rates. Despite significant 
evidence of decreased mortality and CV events with ACEIs, cost/
outcome differences between ACEIs and ARBs are difficult to inter-
pret due to low event rates. Whereas 18 studies included in the 

AHRQ review investigated the comparative effectiveness of ACEIs 
versus ARBs for outcomes of mortality and CV events, only 3 stud-
ies compared the DRI aliskiren with an ACEI or an ARB, hindering 
any type of cost/outcome analysis for the RAAS class as a whole.

The side effect with the greatest differentiation between ACEIs 
and ARBs is cough, with reported rates of 1.2% to 7.8% across 
RCTs and retrospective studies. This evidence may correlate to 
lower withdrawal rates (2.3% absolute rate in RCTs) and a potential 
for improved persistency. In the 2 studies that looked at DRIs, the 
reduction in cough versus ACEIs was greater for the ARBs than 
DRIs, and withdrawal rates were comparable. Thus, improved per-
sistency for DRIs versus ACEIs would not be expected. 

The available evidence is considerable to support either ACEIs 
or ARBs as single-agent therapy for essential hypertension, but 
there is no comparable evidence for the DRIs. There are no substan-
tial outcome differences in metabolic indicators between ACEIs or 
ARBs and no evidence for DRIs. Long-term evidence on quality of 
life is lacking for any of the drugs.

Overall, the evidence summarized above applies across all 
patients, due to insufficient evidence for any subgroups. The June 
2011 update to the 2007 AHRQ report supports the continued 
formulary positioning of ACEIs as a first-line therapy in the RAAS 
class, with ARBs providing an alternative option for those who do 
not respond or experience cough as a side effect. Review of the 
supplemental DRI evidence published since the 2007 report pro-
vides no support for this category other than as a therapy option 
in hypertensive treatments that target the renin system. Formulary 
access could consider the DRIs as a therapeutic option versus the 
ARBs following therapeutic failure with an ACEI. A more restricted 
position could consider DRI use as third-line therapy after failure 
with an ACEI and an ARB. In the absence of evidence of differences 
in comparative effectiveness, these decisions will most likely be 
driven by cost, including discount contracting with brand-name 
manufacturers and generic availability. ACEIs are widely available 
in generic form, and at least 3 ARBs become available generically 
in 2012, in addition to losartan that has been available generically 
since April 2010. 

Diana Brixner, PhD, RPh

Clinical Commentary 2: The Payer Perspective on ACEIs, ARBs, and DRIs for Treating Essential Hypertension
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and stroke, the evidence was insufficient to reach conclusions 
regarding these outcomes in different patient subgroups treated 
with ACEIs, ARBs, or DRIs. Furthermore, the evidence is insuf-
ficient to derive conclusions about whether certain patient sub-
groups are more likely to have adverse effects associated with 
specific RAAS therapies. Regarding the outcome of persistence 
to therapy, the evidence was generally insufficient to determine 
whether certain patient subgroups are more or less likely to 
continue taking an ACEI or an ARB. However, the EPC inves-
tigators observed several trends suggesting subgroup-specific 
predictors of persistence. The highest levels of persistence are 
generally observed among older adults and patients with a his-
tory of cardiovascular disease. 

■■  Conclusions and Directions for Future Research
As summarized earlier, the 2007 AHRQ-supported compara-
tive effectiveness review on ACEIs and ARBs for adults with 
essential hypertension found similar outcomes for blood pres-
sure control, higher rates of cough in patients treated with 
ACEIs, and no treatment-related differences in changes in lipid 
levels, glycemic control, or renal function. Moreover, in the 
2007 review, the evidence was generally insufficient to reach 
conclusions regarding differential effects of ACEIs and ARBs 
on long-term clinical outcomes and in patient subgroups. 
Although numerous direct comparison studies have been pub-
lished since 2007, the June 2011 update summarized in this 
article indicates few new findings regarding the comparative 
benefits and risks of ACEIs and ARBs. In addition, due to insuf-
ficient evidence, no firm conclusions can be reached about the 
comparative effectiveness of DRIs. With the exception of the 
determination of insufficient evidence to assess the compara-
tive effectiveness of DRIs, the conclusions from the 2007 report 
did not change substantially in the updated review.13

As detailed by the EPC investigators in the AHRQ full tech-
nical report in June 2011, a number of methodological short-
comings are inherent in the studies from which the evidence 
was derived.13 Limitations in study design, small sample sizes, 
lack of sufficient patient follow-up, and procedural flaws com-
promised the quality and applicability of some of the findings. 
In suggesting directions for future research, the EPC inves-
tigators call for new comparative effectiveness studies with 
pragmatic designs that assess long-term clinical outcomes. In 
addition, new studies are needed with broader representations 
of patient subgroups (e.g., older adults and racial minorities) 
and analyses of patients with essential hypertension and vari-
ous comorbid conditions. To address unanswered questions 
about antihypertensive medications, the investigators suggest 
evaluations of therapies within classes and long-term stud-
ies comparing outcomes in patients treated with DRIs versus 
ACEIs and ARBs.

4.2%, respectively).92,93 In a meta-analysis of these studies, the  
estimated OR was 0.33 (95% CI = 0.22-0.49), indicating the 
risk of cough is 67% lower for aliskiren-treated patients versus 
ramipril-treated patients.

Therapy Persistence and Adherence
The EPC investigators identified 39 studies that reported data 
on therapy persistence or adherence. Persistence, reported 
in 4 RCTs and 13 longitudinal cohort studies, was assessed 
by whether patients remained on their initial RAAS therapy 
throughout a study. In the studies included in the AHRQ 
review, adherence was usually assessed by the number of pre-
scribed pills that patients took, expressed relative to 100%. 
With the exception of 1 study in which the mean adherence 
rate was higher for patients treated with ARBs versus ACEIs,66 
there were no treatment-related differences in adherence. The 
rates of adherence to ACEIs and ARBs were high, exceeding 
90% in all studies. In most studies that evaluated therapy 
persistence, continuation rates were slightly higher for ARBs 
versus ACEIs.

■■  RAAS Therapies Outcomes in Patient Subgroups
The third key question guiding the AHRQ comparative effec-
tiveness review focused on the benefits and risks of RAAS 
therapies in subgroups of patients categorized by age, race, 
ethnicity, sex, comorbidities, and concurrent use of other med-
ications. For these analyses, the study evidence was generally 
insufficient to reach firm conclusions about whether ACEIs, 
ARBs, or DRIs are more effective, associated with fewer adverse 
events, or better tolerated in specific patient subgroups. 

In 3 of 4 studies that involved separate analyses of blood 
pressure outcomes in women, no differences in efficacy were 
observed between ACEIs and ARBs.33,37,86 However, in the 
largest of the 4 studies (n = 286), blood pressure was reduced 
significantly more among women treated with candesartan 
compared with enalapril.87 The mean between-group differ-
ence was 5.5/2.2 mm Hg (P < 0.01).87 Three of 4 studies that 
analyzed outcomes for black patients revealed no treatment-
group differences in blood pressure reduction.45,78,86 The fourth 
study reported a greater reduction in diastolic blood pressure 
among black patients treated with losartan versus enalapril.56

In 5 of 8 studies that involved separate analyses for older 
adults (aged 65 years or older), no differences in blood pres-
sure reduction were observed between the ACEI and ARB 
arms.20,24,37,86,113 The other 3 studies reported a significant 
benefit of ARBs compared with ACEIs in older patients.56,82,84 

In a study of patients aged 65 years or older, blood pressure 
was lowered –2.3/–1.5 mm Hg in the aliskiren group compared 
with the ramipril group.93

Due to the limited availability of data on mortality, MI, 

Updates on the Treatment of Essential Hypertension: A Summary of AHRQ’s Comparative Effectiveness Review  
of Angiotensin-Converting Enzyme Inhibitors, Angiotensin II Receptor Blockers, and Direct Renin Inhibitors

http://www.effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?pageaction=displayproduct&productID=696
http://www.effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?pageaction=displayproduct&productID=696


www.amcp.org    Vol. 17, No. 8    October 2011    JMCP    Supplement to Journal of Managed Care Pharmacy    S11

14. Atkins D, Chang S, Gartlehner G, et al. Assessing the applicability of 
studies when comparing medical interventions. Agency for Healthcare 
Research and Quality; January 2011. Methods Guide for Comparative 
Effectiveness Reviews. AHRQ Publication No. 11-EHC019-EF. Available 
at: http://www.effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-
reviews-and-reports/?pageaction=displayproduct&productid=603. Accessed 
September 17, 2011.

15. Owens DK, Lohr KN, Atkins D, et al. AHRQ series paper 5: grading the 
strength of a body of evidence when comparing medical interventions- 
agency for healthcare research and quality and the effective healthcare 
program. J Clin Epidemiol. 2010;63(5):513-23. GRADE Working Group. 
Available at: http://www.gradeworkinggroup.org/. Accessed August 12, 2011.

16. Derosa G, Cicero AF, Ciccarelli L, et al. A randomized, double-blind, 
controlled, parallel-group comparison of perindopril and candesar-
tan in hypertensive patients with type 2 diabetes mellitus. Clin Ther. 
2003;25(7):2006-21.

17. Fogari R, Derosa G, Ferrari I, et al. Effect of valsartan and ramipril 
on atrial fibrillation recurrence and P-wave dispersion in hypertensive 
patients with recurrent symptomatic lone atrial fibrillation. Am J Hypertens. 
2008;21(9):1034-39.

18. Malacco E, Santonastaso M, Vari NA, et al. Comparison of valsartan 
160 mg with lisinopril 20 mg, given as monotherapy or in combination 
with a diuretic, for the treatment of hypertension: the Blood Pressure 
Reduction and Tolerability of Valsartan in Comparison with Lisinopril 
(PREVAIL) study. [erratum appears in Clin Ther. 2004;26(7):1185] Clin Ther. 
2004;26(6):855-65.

19. Menne J, Farsang C, Deák L, et al. Valsartan in combination with lisino-
pril versus the respective high dose monotherapies in hypertensive patients 
with microalbuminuria: the VALERIA trial. J Hypertens. 2008;26(9):1860-67.

20. Ruilope L, Jäger B, Prichard B. Eprosartan versus enalapril in elderly 
patients with hypertension: a double-blind, randomized trial. Blood Press. 
2001;10(4):223-29.

21. Scaglione R, Argano C, Di Chiara T, et al. Effect of dual blockade of 
renin-angiotensin system on TGFbeta1 and left ventricular structure and 
function in hypertensive patients. J Hum Hypertens. 2007;21:307-15.

22. Schram MT, van Ittersum FJ, Spoelstra-de Man A, et al. Aggressive 
antihypertensive therapy based on hydrochlorothiazide, candesartan or 
lisinopril as initial choice in hypertensive type II diabetic individuals: effects 
on albumin excretion, endothelial function and inflammation in a double-
blind, randomized clinical trial. J Hum Hypertens. 2005 Jun;19(6):429-37. 
Available at: http://www.nature.com/jhh/journal/v20/n8/pdf/1002025a.pdf. 
Accessed July 7, 2011.

23. Tedesco MA, Natale F, Calabro R. Effects of monotherapy and combina-
tion therapy on blood pressure control and target organ damage: a random-
ized prospective intervention study in a large population of hypertensive 
patients. J Hum Hypertens. 2006;8(9):634-41. Available at: http://onlineli-
brary.wiley.com/doi/10.1111/j.1524-6175.2006.05504.x/pdf. Accessed July 
7, 2011.

24. Argenziano L, Trimarco B. Effect of eprosartan and enalapril in the 
treatment of elderly hypertensive patients: Subgroup analysis of a 26-week, 
double-blind, multicentre study. Curr Med Res Opin. 1999;15(1):9-14.

25. Barnett AH, Bain SC, Bouter P, et al. Angiotensin-receptor blockade 
versus converting-enzyme inhibition in type 2 diabetes and nephropathy. 
[erratum appears in N Engl J Med. 2005 Apr 21;352(16)1731]. N Engl J Med. 
2004;351(19):1952-61. Available at: http://www.nejm.org/doi/pdf/10.1056/
NEJMoa042274. Accessed July 7, 2011. 

26. Black HR, Graff A, Shute D, Stoltz R, Ruff D, Levine J, et al. Valsartan, 
a new angiotensin II antagonist for the treatment of essential hyperten-
sion: efficacy, tolerability and safety compared to an angiotensin-converting 
enzyme inhibitor, lisinopril. J Hum Hypertens. 1997;11:483-89.

REFERENCES

1. Egan BM, Zhao Y, Axon RN. U.S. trends in prevalence, awareness, treat-
ment, and control of hypertension, 1988-2008. JAMA. 2010;303(20):2043-
50. Available at: http://jama.ama-assn.org/content/303/20/2043.full.
pdf+html. Accessed August 10, 2011.

2. World Health Organization. World health report 2002: reducing risks, 
promoting healthy life. World Health Organization. Geneva, Switzerland. 
Available at: www.who.int/whr/2002. Accessed August 10, 2011.

3. No authors listed. The fifth report of the Joint National Committee on 
Detection, Evaluation, and Treatment of High Blood Pressure (JNC V). Arch 
Intern Med. 1993;153(2):154-83.

4. No authors listed. The sixth report of the Joint National Committee on 
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. 
Arch Intern Med. 1997;157(21):2413-46. Available at: http://www.nhlbi.nih.
gov/guidelines/hypertension/. Accessed September 12, 2011.

5. Chobanian AV, Bakris GL, Black HR, et al. Seventh report of the Joint 
National Committee on Prevention, Detection, Evaluation, and Treatment of 
High Blood Pressure. Hypertension. 2003;42(6):1206-52. Available at: http://
hyper.ahajournals.org/content/42/6/1206.full.pdf+html. Accessed September 
12, 2011.

6. Wright JD, Hughes JP, Ostchega Y, et al. Mean systolic and diastolic 
blood pressure in adults aged 18 and over in the United States, 2001-2008. 
National health statistics reports; no 35. Hyattsville, MD: National Center 
for Health Statistics. 2011. Available at: www.cdc.gov/nchs/data/nhsr/
nhsr035.pdf. Accessed August 12, 2011.

7. Ma J, Stafford RS. Screening, treatment, and control of hypertension in 
U.S. private physician offices, 2003-2004. Hypertension. 2008;51(5):1275-81. 
Available at: http://hyper.ahajournals.org/content/51/5/1275.full.pdf+html. 
Accessed August 10, 2011.

8. Cheng JW. Aliskiren: renin inhibitor for hypertension management. Clin 
Ther. 2008;30(1):31-47.

9. Chou R, Helfand M, Carson S. Drug class review on angiotensin convert-
ing enzyme inhibitors. Final report. June 2005. Available at: http://derp.
ohsu.edu/about/final-document-display.cfm#tab-2. Accessed August 10, 
2011.

10. Furmaga E, Glassman P, Rhodes S, et al. Drug class review on angioten-
sin II receptor antagonists. Final report. February 2006. Available at: http://
derp.ohsu.edu/about/final-document-display.cfm#tab-2. Accessed August 
10, 2011.

11. Matchar DB, McCrory DC, Orlando LA, et al. Comparative effectivene-
ness of angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin II 
receptor antagonists (ARBs) for treating essential hypertension. Comparative 
effectiveness review No. 10. (Prepared by Duke Evidence-based Practice 
Center under Contract No. 290-02-0025.) Rockville, MD: Agency for 
Healthcare Research and Quality. November 1, 2007. Available at: http://
www.effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-
reports/?productid=48&pageaction=displayproduct. Accessed August 19, 
2011.

12. Shekelle P, Newberry S, Maglione M, et al. Assessment of the need to 
update comparative effectiveness reviews: report of an initial rapid program 
assessment (2005-2009). Rockville, MD: Agency for Healthcare Research 
and Quality; 2009. Available at: http://www.effectivehealthcare.ahrq.gov/
ehc/products/125/331/2009_0923UpdatingReports.pdf. Accessed September 
17, 2011.

13. Sanders GD, Coeytaux R, Dolor RJ, et al. Angiotensin-converting 
enzyme inhibitors (ACEIs), angiotensin II receptor antagonists (ARBs), 
and direct renin inhibitors for treating essential hypertension: an update. 
Comparative effectiveness review No. 34. (Prepared by The Duke Evidence-
based Practice Center under Contract No. 290-02-0025.) AHRQ Publication 
No. 11-EHC063-EF. Rockville, MD: Agency for Healthcare Research and 
Quality. June 13, 2011. Available at: http://www.effectivehealthcare.ahrq.
gov/index.cfm/search-for-guides-reviews-and-reports/?pageaction=displaypr
oduct&productID=696. Accessed August 18, 2011.

Updates on the Treatment of Essential Hypertension: A Summary of AHRQ’s Comparative Effectiveness Review  
of Angiotensin-Converting Enzyme Inhibitors, Angiotensin II Receptor Blockers, and Direct Renin Inhibitors

http://www.effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?pageaction=displayproduct&productid=603
http://www.effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?pageaction=displayproduct&productid=603
http://www.gradeworkinggroup.org/
http://www.nature.com/jhh/journal/v20/n8/pdf/1002025a.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1524-6175.2006.05504.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1524-6175.2006.05504.x/pdf
http://www.nejm.org/doi/pdf/10.1056/NEJMoa042274
http://www.nejm.org/doi/pdf/10.1056/NEJMoa042274
http://jama.ama-assn.org/content/303/20/2043.full.pdf+html
http://jama.ama-assn.org/content/303/20/2043.full.pdf+html
www.who.int/whr/2002
http://www.nhlbi.nih.gov/guidelines/hypertension/
http://www.nhlbi.nih.gov/guidelines/hypertension/
http://hyper.ahajournals.org/content/42/6/1206.full.pdf+html
http://hyper.ahajournals.org/content/42/6/1206.full.pdf+html
www.cdc.gov/nchs/data/nhsr/nhsr035.pdf
www.cdc.gov/nchs/data/nhsr/nhsr035.pdf
http://hyper.ahajournals.org/content/51/5/1275.full.pdf+html
http://derp.ohsu.edu/about/final-document-display.cfm#tab-2
http://derp.ohsu.edu/about/final-document-display.cfm#tab-2
http://derp.ohsu.edu/about/final-document-display.cfm#tab-2
http://derp.ohsu.edu/about/final-document-display.cfm#tab-2
http://www.effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?productid=48&pageaction=displayproduct
http://www.effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?productid=48&pageaction=displayproduct
http://www.effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?productid=48&pageaction=displayproduct
http://www.effectivehealthcare.ahrq.gov/ehc/products/125/331/2009_0923UpdatingReports.pdf
http://www.effectivehealthcare.ahrq.gov/ehc/products/125/331/2009_0923UpdatingReports.pdf
http://www.effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?pageaction=displayproduct&productID=696
http://www.effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?pageaction=displayproduct&productID=696
http://www.effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?pageaction=displayproduct&productID=696


S12    Supplement to Journal of Managed Care Pharmacy    JMCP    October 2011    Vol. 17, No. 8    www.amcp.org    

42. McInnes GT, O’Kane KP, Istad H, et al. Comparison of the AT1-receptor 
blocker, candesartan cilexetil, and the ACE inhibitor, lisinopril, in fixed 
combination with low dose hydrochlorothiazide in hypertensive patients. J 
Hum Hypertens. 2000;14(4):263-69. 

43. Mimran A, Ruilope L, Kerwin L, et al. A randomised, double-blind com-
parison of the angiotensin II receptor antagonist, irbesartan, with the full 
dose range of enalapril for the treatment of mild-to-moderate hypertension. J 
Hum Hypertens. 1998;12(3):203-08.

44. Mogensen CE, Neldam S, Tikkanen I, et al. Randomised controlled trial 
of dual blockade of renin-angiotensin system in patients with hypertension, 
microalbuminuria, and non-insulin dependent diabetes: the candesartan 
and lisinopril microalbuminuria (CALM) study. BMJ. 2000;321(7274):1440-
44. Available at: http://www.bmj.com/content/321/7274/1440.full.pdf. 
Accessed July 7, 2011.

45. Naidoo DP, Sareli P, Marin F, et al. Increased efficacy and tolerability 
with losartan plus hydrochlorothiazide in patients with uncontrolled hyper-
tension and therapy-related symptoms receiving two monotherapies. Adv 
Ther. 1999;16(5):187-99.

46. Nakamura T, Kawachi K, Saito Y, et al. Effects of ARB or ACE-inhibitor 
administration on plasma levels of aldosterone and adiponectin in hyperten-
sion. Int Heart J. 2009;50(4):501-12. Available at: http://www.jstage.jst.go.jp/
article/ihj/50/4/501/_pdf. Accessed September 17, 2011. 

47. Neutel JM, Frishman WH, Oparil S, et al. Comparison of telmisartan 
with lisinopril in patients with mild-to-moderate hypertension. Am J Ther. 
1999;6(3):161-66.

48. Onal IK, Altun B, Onal ED, Kirpantur A, Gul Oz S, Turgan C. Serum 
levels of MMP-9 and TIMP-1 in primary hypertension and effect of antihy-
pertensive treatment. Eur J Intern Med. 2009;20(4):369-72.

49. Rabbia F, Silke B, Carra R, et al. Heart rate variability and baroreflex 
sensitivity during fosinopril, irbesartan and atenolol therapy in hyperten-
sion. Clin Drug Investig. 2004;24(11):651-59.

50. Rehman A, Ismail SB, Naing L, Roshan TM, Rahman AR. Reduction in 
arterial stiffness with angiotensin II antagonism and converting enzyme 
inhibition. A comparative study among Malay hypertensive subjects with a 
known genetic profile. Am J Hypertens. 2007;20:184-89.

51. Rosei EA, Rizzoni D, Muiesan ML, et al. Effects of candesartan cilexetil 
and enalapril on inflammatory markers of atherosclerosis in hyperten-
sive patients with non-insulin-dependent diabetes mellitus. J Hypertens. 
2005;23(2):435-44.

52. Saito S, Asayama K, Ohkubo T, et al. The second progress report 
on the Hypertension Objective treatment based on Measurement by 
Electrical Devices of Blood Pressure (HOMED-BP) study. Blood Press Monit. 
2004;9(5):243-47.

53. Sanchez RA, Masnatta LD, Pesiney C, Fischer P, Ramirez AJ. Telmisartan 
improves insulin resistance in high renin nonmodulating salt-sensitive 
hypertensives. J Hypertens. 2008;26(12):2393-98.

54. Sengul AM, Altuntas Y, Kürklü A, Aydin L. Beneficial effect of lisinopril 
plus telmisartan in patients with type 2 diabetes, microalbuminuria and 
hypertension. Diabetes Res Clin Pract. 2006;71:210-19.

55. Shibasaki Y, Masaki H, Nishiue T, et al. Angiotensin II type 1 receptor 
antagonist, losartan, causes regression of left ventricularhypertrophy in end-
stage renal disease. Nephron. 2002;90(3):256-61.

56. Townsend R, Haggert B, Liss C, et al. Efficacy and tolerability of losar-
tan versus enalapril alone or in combination with hydrochlorothiazide in 
patients with essential hypertension. Clin Ther. 1995;17(5):911-23.

57. Uchiyama-Tanaka Y, Mori Y, Kishimoto N, et al. Comparison of the 
effects of quinapril and losartan on carotid artery intima-media thickness in 
patients with mild-to-moderate arterial hypertension. Kidney Blood Press Res. 
2005;28(2):111-16.

27. Breeze E, Rake EC, Donoghue MD, Fletcher AE. Comparison of qual-
ity of life and cough on eprosartan and enalapril in people with moderate 
hypertension. J Hum Hypertens. 2001;15:857-62. Available at: http://www.
nature.com/jhh/journal/v15/n12/pdf/1001282a.pdf. Accessed July 7, 2011.

28. Coca A, Calvo C, Garcia-Puig J, et al. A multicenter, randomized, dou-
ble-blind comparison of the efficacy and safety of irbesartan and enalapril in 
adults with mild to moderate essential hypertension, as assessed by ambu-
latory blood pressure monitoring: the MAPAVEL Study (Monitorizacion 
Ambulatoria Presion Arterial APROVEL). Clin Ther. 2002;24(1):126-38.

29. De Rosa ML, Cardace P, Rossi M, et al. Comparative effects of chronic 
ACE inhibition and AT1 receptor blocked losartan on cardiac hyper-
trophy and renal function in hypertensive patients. J Hum Hypertens. 
2002;16(2):133-40. Available at: http://www.nature.com/jhh/journal/v16/n2/
pdf/1001305a.pdf. Accessed July 7, 2011.

30. Deyneli O, Yavuz D, Velioglu A, et al. Effects of ACE inhibition and 
angiotension II receptor blockade on glomerular basement membrane pro-
tein excretion and change selectivity in type 2 diabetic patients. J Renin 
Angiotensin Aldosterone Syst. 2006;7(2):98-103.

31. Elliott WJ. Double-blind comparison of eprosartan and enalapril on 
cough and blood pressure in unselected hypertensive patients. Eprosartan 
Study Group. J Hum Hypertens. 1999;13(6):413-17.

32. Fogari R, Mugellini A, Zoppi A, et al. Losartan and perindopril effects 
on plasma plasminogen activator inhibitor-1 and fibrinogen in hypertensive 
type 2 diabetic patients. Am J Hypertens. 2002;15(4 Pt 1):316-20.

33. Fogari R, Zoppi A, Preti P, et al. Differential effects of ACE-inhibition 
and angiotensin II antagonism on fibrinolysis and insulin sensitivity in 
hypertensive postmenopausal women. Am J Hypertens. 2001;14(9 Pt 1):921-
26.

34. Fogari R, Mugellini A, Zoppi A, Lazzari P, Destro M, Rinaldi A, et al. 
Effect of telmisartan/hydrochlorothiazide vs lisinopril/hydrochlorothiazide 
combination on ambulatory blood pressure and cognitive function in elderly 
hypertensive patients. J Hum Hypertens. 2006;20:177-85.

35. Gavras I, Gavras H. Effects of eprosartan versus enalapril in hyperten-
sive patients on the renin-angiotensin-aldosterone system and safety param-
eters: results from a 26-week, double-blind, multicentre study. Eprosartan 
Multinational Study Group. Curr Med Res Opin. 1999;15(1):15-24.

36. Hosohata K, Saito S, Asayama K, Ohkubo T, Kikuya M, Metoki H, et 
al. Progress report on The Hypertension Objective Treatment Based on 
Measurement by Electrical Devices of Blood Pressure (HOMED-BP) study: 
status at February 2004. Clin Exp Hypertens. 2007;29:69-81.

37. Karlberg BE, Lins LE, Hermansson K. Efficacy and safety of telmisar-
tan, a selective AT1 receptor antagonist, compared with enalapril in elderly 
patients with primary hypertension. TEES Study Group. J Hypertens. 
1999;17(2):293-302.

38. Kloner RA, Neutel J, Roth EM, et al. Blood pressure control with amlo-
dipine add-on therapy in patients with hypertension and diabetes: results of 
the amlodipine diabetic hypertension efficacy response evaluation trial. Ann 
Pharmacother. 2008;42:1552-62.

39. Lacourciere Y, Belanger A, Godin C, et al. Long-term comparison of 
losartan and enalapril on kidney function in hypertensive type 2 diabetics 
with early nephropathy. Kidney Int. 2000;58(2):762-69. Available at: http://
www.nature.com/ki/journal/v58/n2/pdf/4491743a.pdf. Accessed July 7, 
2011.

40. Larochelle P, Flack JM, Marbury TC, et al. Effects and tolerability of 
irbesartan versus enalapril in patients with severe hypertension. Irbesartan 
Multicenter Investigators. Am J Cardiol. 1997;80(12):1613-15.

41. Levine B. Effect of eprosartan and enalapril in the treatment of black 
hypertensive patients: subgroup analysis of a 26-week, double-blind, mul-
ticentre study. Eprosartan Multinational Study Group. Curr Med Res Opin. 
1999;15(1):25-32.

Updates on the Treatment of Essential Hypertension: A Summary of AHRQ’s Comparative Effectiveness Review  
of Angiotensin-Converting Enzyme Inhibitors, Angiotensin II Receptor Blockers, and Direct Renin Inhibitors

http://www.bmj.com/content/321/7274/1440.full.pdf
http://www.jstage.jst.go.jp/article/ihj/50/4/501/_pdf
http://www.jstage.jst.go.jp/article/ihj/50/4/501/_pdf
http://www.nature.com/jhh/journal/v15/n12/pdf/1001282a.pdf
http://www.nature.com/jhh/journal/v15/n12/pdf/1001282a.pdf
http://www.nature.com/jhh/journal/v16/n2/pdf/1001305a.pdf
http://www.nature.com/jhh/journal/v16/n2/pdf/1001305a.pdf
http://www.nature.com/ki/journal/v58/n2/pdf/4491743a.pdf
http://www.nature.com/ki/journal/v58/n2/pdf/4491743a.pdf


www.amcp.org    Vol. 17, No. 8    October 2011    JMCP    Supplement to Journal of Managed Care Pharmacy    S13

Updates on the Treatment of Essential Hypertension: A Summary of AHRQ’s Comparative Effectiveness Review  
of Angiotensin-Converting Enzyme Inhibitors, Angiotensin II Receptor Blockers, and Direct Renin Inhibitors

58. Zhu S, Liu Y, Wang L, et al. Transforming growth factor-(beta)(1) is 
associated with kidney damage in patients with essential hypertension: 
Renoprotective effect of ACE inhibitor and/or angiotensin II receptor 
blocker. Nephrol Dial Transplant. 2008;23(9):2841-46. Available at: http://ndt.
oxfordjournals.org/content/23/9/2841.full.pdf+html. Accessed July 7, 2011. 

59. Akat PB, Bapat TR, Murthy MB, Karande VB, Burute SR. Comparison 
of the efficacy and tolerability of telmisartan and enalapril in patients of 
mild to moderate essential hypertension. Indian J Pharmacol. 2010;42:153-
56. Available at: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2937316/. 
Accessed July 7, 2011.

60. Avanza AC Jr, El Aouar LM, Mill JG. Reduction in left ventricular 
hypertrophy in hypertensive patients treated with enalapril, losartan or the 
combination of enalapril and losartan. Arq Bras Cardiol. 2000;74(2):103-17. 
Available at: http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0066-
782X2000000200001&lng=en&nrm=iso. Accessed July 7, 2011. 

61. Celik T, Iyisoy A, Kursaklioglu H, et al. The comparative effects of 
telmisartan and ramipril on P-wave dispersion in hypertensive patients: a 
randomized clinical study. Clin Cardiol. 2005;28(6):298-302.

62. Eguchi K, Kario K, Shimada K. Comparison of candesartan with lisino-
pril on ambulatory blood pressure and morning surge in patients with sys-
temic hypertension. Am J Cardiol. 2003;92(5):621-24.

63. Ghiadoni L, Magagna A, Versari D, et al. Different effect of antihy-
pertensive drugs on conduit artery endothelial function. Hypertension. 
2003;41(6):1281-86.

64. Guntekin U, Gunes Y, Tuncer M, et al. Comparison of the effects of 
quinapril and irbesartan on P-wave dispersion in hypertensive patients. Adv 
Ther. 2008;25(8):775-86.

65. Kavgaci H, Sahin A, Onder Ersoz H, et al. The effects of losartan and 
fosinopril in hypertensive type 2 diabetic patients. Diabetes Res Clin Pract. 
2002;58(1):19-25.

66. Koylan N, Acarturk E, Canberk A, et al. Effect of irbesartan monothera-
py compared with ACE inhibitors and calcium-channel blockers on patient 
compliance in essential hypertension patients: a multicenter, open-labeled, 
three-armed study. Blood Press Suppl. 2005;1:23-31.

67. Matsuda H, Hayashi K, Saruta T. Distinct time courses of renal protec-
tive action of angiotensin receptor antagonists and ACE inhibitors in chronic 
renal disease. J Hum Hypertens. 2003;17(4):271-76.

68. Rajzer M, Klocek M, Kawecka-Jaszcz K. Effect of amlodipine, quinapril, 
and losartan on pulse wave velocity and plasma collagen markers in 
patients with mild-to-moderate arterial hypertension. Am J Hypertens. 
2003;16(6):439-44.

69. Schieffer B, Bunte C, Witte J, et al. Comparative effects of AT1-
antagonism and angiotensin-converting enzyme inhibition on markers of 
inflammation and platelet aggregation in patients with coronary artery dis-
ease. J Am Coll Cardiol. 2004;44(2):362-68.

70. Shand BI. Haemorheological effects of losartan and enalapril in patients 
with renal parenchymal disease and hypertension. J Hum Hypertens. 
2000;14(5):305-09.

71. Shand BI, Lynn KL. A comparative study of losartan and enalapril on 
erythropoiesis and renal function in hypertensive patients with renal paren-
chymal disease. Clin Nephrol. 2000;54(5):427-28.

72. Sonoda M, Aoyagi T, Takenaka K, et al. A one-year study of the antiath-
erosclerotic effect of the angiotensin-II receptor blocker losartan in hyper-
tensive patients. A comparison with angiotension-converting enzyme inhibi-
tors. Int Heart J. 2008;49(1):95-103. Available at: http://www.jstage.jst.go.jp/
article/ihj/49/1/95/_pdf. Accessed July 7, 2011. 

73. Souza-Barbosa LA, Ferreira-Melo SE, Ubaid-Girioli S, et al. Endothelial 
vascular function in hypertensive patients after reninangiotensin system 
blockade. J Clin Hypertens. 2006;8(11):803-9; quiz 10-1.

74. Spinar J, Vitovec J, Soucek M, et al. CORD: COmparsion of 
Recommended Doses of ACE inhibitors and angiotensin II receptor blockers. 
Vnitr Lek. 2009;55(5):481-88.

75. Verdecchia P, Schillaci G, Reboldi GP, et al. Long-term effects of losartan 
and enalapril, alone or with a diuretic, on ambulatory blood pressure and 
cardiac performance in hypertension: a case-control study. Blood Press Monit. 
2000;5(3):187-93.

76. Veronesi M, Cicero AF, Prandin MG, et al. A prospective evaluation of 
persistence on antihypertensive treatment with different antihypertensive 
drugs in clinical practice. Vasc Health Risk Manag. 2007;3(6):999-1005. 
Available at: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2350135/pdf/
VHRM_0306-999.pdf. Accessed July 7, 2011.

77. Cuspidi C, Muiesan ML, Valagussa L, et al. Comparative effects of 
candesartan and enalapril on left ventricular hypertrophy in patients with 
essential hypertension: the candesartan assessment in the treatment of car-
diac hypertrophy (CATCH) study. J Hypertens. 2002;20(11):2293-300.

78. Ruff D, Gazdick LP, Berman R, et al. Comparative effects of combina-
tion drug therapy regimens commencing with either losartan potassium, an 
angiotensin II receptor antagonist, or enalapril maleate for the treatment of 
severe hypertension. J Hypertens. 1996;14(2):263-70.

79. Nielsen S, Dollerup J, Nielsen B, et al. Losartan reduces albuminuria 
in patients with essential hypertension. An enalapril controlled 3 months 
study. Nephrology Dialysis Transplantation. 1997;12 Suppl 2:19-23.

80. Tikkanen I, Omvik P, Jensen HA. Comparison of the angiotensin II 
antagonist losartan with the angiotensin converting enzyme inhibitor enala-
pril in patients with essential hypertension. J Hypertens. 1995;13(11):1343-
51.

81. Hermida RC, Ayala DE, Khder Y, et al. Ambulatory blood pressure-
lowering effects of valsartan and enalapril after a missed dose in previously 
untreated patients with hypertension: a prospective, randomized, open-
label, blinded end-point trial. Clin Ther. 2008;30(1):108-20.

82. Malacco E, Omboni S, Volpe M, et al. Antihypertensive efficacy and 
safety of olmesartan, medoxomil, and ramipril in elderly patients with 
mild to moderate essential hypertension: The ESPORT study. J Hypertens. 
2010;28(11):2342-50.

83. Amerena J, Pappas S, Ouellet JP, et al. ABPM comparison of the anti-
hypertensive profiles of telmisartan and enalapril in patients with mild-to-
moderate essential hypertension. J Int Med Res. 2002;30(6):543-52.

84. Fogari R, Mugellini A, Zoppi A, et al. Effects of valsartan compared with 
enalapril on blood pressure and cognitive function in elderly patients with 
essential hypertension. Eur J Clin Pharmacol. 2004;59(12):863-68.

85. Fogari R, Mugellini A, Zoppi A, et al. Effect of telmisartan/hydrochloro-
thiazide vs lisinopril/hydrochlorothiazide combination on ambulatory blood 
pressure and cognitive function in elderly hypertensive patients. J Hum 
Hypertens. 2006;20(3):177-85.

86. Mallion JM, Bradstreet DC, Makris L, et al. Antihypertensive efficacy 
and tolerability of once daily losartan potassium compared with captopril 
in patients with mild to moderate essential hypertension. J Hypertens Suppl. 
1995 Jul;13(1):S35-41.

87. Malmqvist K, Kahan T, Dahl M. Angiotensin II type 1 (AT1) receptor 
blockade in hypertensive women: benefits of candesartan cilexetil versus 
enalapril or hydrochlorothiazide. Am J Hypertens. 2000;13(5 Pt 1):504-11.

88. Roca-Cusachs A, Oigman W, Lepe L, et al. A randomized, double-blind 
comparison of the antihypertensive efficacy and safety of once-daily losartan 
compared to twice-daily captopril in mild to moderate essential hyperten-
sion. Acta Cardiol. 1997;52(6):495-506.

89. Ragot S, Ezzaher A, Meunier A, et al. Comparison of trough effect 
of telmisartan vs perindopril using self blood pressure measurement: 
EVERESTE study. J Hum Hypertens. 2002;16(12):865-73.

90. Lacourciere Y, Neutel JM, Davidai G, et al. A multicenter, 14-week 
study of telmisartan and ramipril in patients with mild-tomoderate hyper-
tension using ambulatory blood pressure monitoring. Am J Hypertens. 
2006;19(1):104-12.

http://ndt.oxfordjournals.org/content/23/9/2841.full.pdf+html
http://ndt.oxfordjournals.org/content/23/9/2841.full.pdf+html
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2937316/
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0066-782X2000000200001&lng=en&nrm=iso
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0066-782X2000000200001&lng=en&nrm=iso
http://www.jstage.jst.go.jp/article/ihj/49/1/95/_pdf
http://www.jstage.jst.go.jp/article/ihj/49/1/95/_pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2350135/pdf/VHRM_0306-999.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2350135/pdf/VHRM_0306-999.pdf


S14    Supplement to Journal of Managed Care Pharmacy    JMCP    October 2011    Vol. 17, No. 8    www.amcp.org    

101. Gavras I, Gavras H. Effects of eprosartan versus enalapril in hyperten-
sive patients on the renin-angiotensin-aldosterone system and safety param-
eters: results from a 26- week, double-blind, multicentre study. Eprosartan 
Multinational Study Group. Curr Med Res Opin. 1999;15(1):15-24.

102. Karlberg BE, Lins LE, Hermansson K. Efficacy and safety of telmis-
artan, a selective AT1 receptor antagonist, compared with enalapril in 
elderly patients with primary hypertension. TEES Study Group. J Hypertens. 
1999;17(2):293-302.

103. Levine B. Effect of eprosartan and enalapril in the treatment of black 
hypertensive patients: subgroup analysis of a 26-week, double-blind, mul-
ticentre study. Eprosartan Multinational Study Group. Curr Med Res Opin. 
1999;15(1):25-32.

104. Hasford J, Mimran A, Simons WR. A population-based European 
cohort study of persistence in newly diagnosed hypertensive patients. J Hum 
Hypertens. 2002;16(8):569-75.

105. Robles NR, Angulo E, Grois J, et al. Comparative effects of fosino-
pril and irbesartan on hematopoiesis in essential hypertensives. Ren Fail. 
2004;26(4):399-404.

106. Mazzaglia G, Mantovani LG, Sturkenboom MC, et al. Patterns of per-
sistence with antihypertensive medications in newly diagnosed hypertensive 
patients in Italy: a retrospective cohort study in primary care. J Hypertens. 
2005;23(11):2093-100.

107. Spoelstra-de Man AM, van Ittersum FJ, Schram MT, et al. Aggressive 
antihypertensive strategies based on hydrochlorothiazide, candesartan or 
lisinopril decrease left ventricular mass and improve arterial compliance in 
patients with type II diabetes mellitus and hypertension. J Hum Hypertens. 
2006;20(8):599-611.

108. Malde B, Regalado J, Greenberger PA. Investigation of angioedema asso-
ciated with the use of angiotensin-converting enzyme inhibitors and angio-
tensin receptor blockers. Ann Allergy Asthma Immunol. 2007;98(1):57-63.

109. Xu D, Liu J, Ji C, et al. Effects of telmisartan on hypertensive patients 
with dyslipidemia and insulin resistance. J Geriatr Cardiol. 2007;4(3):149-52.

110. Mackay FJ, Pearce GL, Mann RD. Cough and angiotensin II receptor 
antagonists: cause or confounding? Br J Clin Pharmacol. 1999;47(1):111-14. 
Available at: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2014204/pdf/
bcp0047-0111.pdf. Accessed September 17, 2011. 

111. Gregoire JP, Moisan J, Guibert R, et al. Tolerability of antihypertensive 
drugs in a community-based setting. Clin Ther. 2001;23(5):715-26.

112. Sato A, Tabata M, Hayashi K, et al. Effects of the angiotensin II type 
1 receptor antagonist candesartan, compared with angiotensin-converting 
enzyme inhibitors,on the urinary excretion of albumin and type IV collagen 
in patients with diabetic nephropathy. Clin Exp Nephrol. 2003;7(3):215-20.

113. Formosa V, Bellomo A, Iori A, et al. The treatment of hypertension with 
telmisartan in the sphere of circadian rhythm in metabolic syndrome in the 
elderly. Arch Gerontol Geriatr. 2009;49 (Suppl 1):95-101.

91. Williams B, Gosse P, Lowe L, et al. The prospective, randomized investi-
gation of the safety and efficacy of telmisartan versus ramipril using ambula-
tory blood pressure monitoring (PRISMA I). J Hypertens. 2006;24(1):193-
200.

92. Andersen K, Weinberger MH, Egan B, et al. Comparative efficacy 
and safety of aliskiren, an oral direct renin inhibitor, and ramipril in 
hypertension: a 6-month, randomized, double-blind trial. J Hypertens. 
2008;26(3):589-99.

93. Duprez DA, Munger MA, Botha J, Keefe DL, Charney AN. Aliskiren for 
geriatric lowering of systolic hypertension: A randomized controlled trial. J 
Hum Hypertens. 2010;24(9):600-08. 2009 Dec 24.

94. Solomon SD, Appelbaum E, Manning WJ, et al.; Aliskiren in Left 
Ventricular Hypertrophy (ALLAY) Trial Investigators. Effect of the direct 
Renin inhibitor aliskiren, the Angiotensin receptor blocker losartan, or both 
on left ventricular mass in patients with hypertension and left ventricular 
hypertrophy. Circulation. 2009;119(4):530-37. Available at: http://circ.aha-
journals.org/content/119/4/530.full.pdf+html. Accessed September 6, 2011.

95. Andersen K, Weinberger MH, Constancem CM, et al. Comparative 
effects of aliskiren based and ramipril-based therapy on the renin system 
during long-term (6 months) treatment and withdrawal in patients with 
hypertension. J Renin Angiotensin Aldosterone Syst. 2009;10(3):157-67.

96. Barnett AH, Bain SC, Bouter P, et al.; Diabetics Exposed to Telmisartan 
and Enalapril Study Group. Angiotensin-receptor blockade versus convert-
ing-enzyme inhibition in type 2 diabetes and nephropathy. [erratum appears 
in N Engl J Med. 2005;352(16)1731]. N Engl J Med. 2004;351(19):1952-
61. Available at: http://www.nejm.org/doi/pdf/10.1056/NEJMoa042274. 
Accessed September 17, 2011. 

97. Argenziano L, Trimarco B. Effect of eprosartan and enalapril in the 
treatment of elderly hypertensive patients: subgroup analysis of a 26-week, 
double-blind, multicentre study. Eprosartan Multinational Study Group. 
Curr Med Res Opin. 1999;15(1):9-14.

98. Breeze E, Rake EC, Donoghue MD, et al. Comparison of quality of life 
and cough on eprosartan and enalapril in people with moderate hyperten-
sion. J Hum Hypertens. 2001;15(12):857-62.

99. De Rosa ML, Cardace P, Rossi M, et al. Comparative effects of chronic 
ACE inhibition and AT1 receptor blocked losartan on cardiac hyper-
trophy and renal function in hypertensive patients. J Hum Hypertens. 
2002;16(2):133-40. Available at: http://www.nature.com/jhh/journal/v16/n2/
pdf/1001305a.pdf. Accessed July 7, 2011.

100. Elliott WJ. Double-blind comparison of eprosartan and enalapril on 
cough and blood pressure in unselected hypertensive patients. Eprosartan 
Study Group. J Hum Hypertens. 1999;13(6):413-17.

Updates on the Treatment of Essential Hypertension: A Summary of AHRQ’s Comparative Effectiveness Review  
of Angiotensin-Converting Enzyme Inhibitors, Angiotensin II Receptor Blockers, and Direct Renin Inhibitors

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2014204/pdf/bcp0047-0111.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2014204/pdf/bcp0047-0111.pdf
http://circ.ahajournals.org/content/119/4/530.full.pdf+html
http://circ.ahajournals.org/content/119/4/530.full.pdf+html
http://www.nejm.org/doi/pdf/10.1056/NEJMoa042274
http://www.nature.com/jhh/journal/v16/n2/pdf/1001305a.pdf
http://www.nature.com/jhh/journal/v16/n2/pdf/1001305a.pdf


Supplement


